EP 2 502 887 A1

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
26.09.2012 Bulletin 2012/39

(21) Application number: 12156711.9

(22) Date of filing: 23.02.2012

(11) EP 2 502 887 A1

EUROPEAN PATENT APPLICATION

(51) IntCL:
CO03B 37/018 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 25.03.2011 NL 2006472

(71) Applicant: Draka Comteq B.V.
1083 HJ Amsterdam (NL)

(72) Inventors:
* Milicevic, Igor
5707 PW HELMOND (NL)

¢ van Stralen, Mattheus Jacobus Nicolaas
5036 ST TILBURG (NL)
¢ Hartsuiker, Johannes Antoon
5624 KL EINDHOVEN (NL)
¢ Aldea, Eugen
5611 SZ EINDHOVEN (NL)
* Kuijpers, Eric Aloysius
5629 JB EINDHOVEN (NL)

(74) Representative: Algemeen Octrooi- en
Merkenbureau
P.O. Box 645
5600 AP Eindhoven (NL)

(54)

(57)  The present invention relates to a method for
manufacturing an optical preform via an internal vapour
deposition process, wherein during the inside deposition
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Method of manufacturing an optical fibre, preform and optical fibre.

the velocity of the reaction zone over the length supply
side - discharge side is higher than the velocity of the
reaction zone over the length discharge side - supply
side.
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Description

[0001] The present invention relates to a method of
manufacturing an optical fibre, which method comprises
the following steps:

i) providing a hollow substrate tube,

i) passing doped or undoped reactive, glass-forming
gases through the interior of the hollow substrate
tube,

i) creating such conditions in the interior of the hol-
low substrate tube that deposition of glass layers on-
to the interior of the hollow substrate tube takes
place, wherein a non-isothermal plasma is recipro-
cated between two reversal points along the sub-
strate tube, wherein the velocity of movement of the
plasma decreases to zero from each deceleration
point to each reversal point,

iv) subjecting the substrate tube thus obtained to a
collapsing treatment so as to form a solid preform,
and

v) drawing an optical fibre from said solid preform.

[0002] In addition to that, the presentinvention relates
to a preform for manufacturing an optical fibre, as well
as to an optical fibre.

[0003] Such a method is known per se from US patent
No. 7,522,800 in the name of the present applicant.
[0004] US 2008/0295541 relates to a method of man-
ufacturing an optical fiber preform using a high frequency
induction thermal plasma.

[0005] US 5,318,612 relatesto a method for producing
a preform for optical fibers, comprising the steps of ther-
mic glazing of internal and external surfaces of the bar,
depositing a vitreous coating on the internal surface of
the bar, said vitreous coating being provided for the sub-
sequent formation of a core of the optical fibers, and col-
lapsing the bar, various temperatures of the bar required
for the glazing, depositing, and collapsing steps being
obtained by varying the temperature of the oven.
[0006] Using the present invention, preforms for opti-
cal fibres are produced by means of an internal chemical
vapour deposition technique (CVD), which process in-
volves the deposition of doped or undoped reactive,
glass-forming gases on the inside of a hollow substrate
tube. Such reactive gases are supplied on one side of
the substrate tube, viz. the entrance side, forming a glass
layer on the interior of the substrate tube under the influ-
ence of special process conditions. A reaction zone is
reciprocated along the substrate tube so as to form a
glass layer. The reaction zone, in particular a plasma
generator, supplies high-frequency energy, as a result
of which a plasma is generated in the interior of the sub-
strate tube, under which plasma conditions the reactive,
glass-forming gases will react (the plasma CVD tech-
nique). It is also possible, however to supply the energy
by means of heat, in particular by using burners, on the
outer side of the substrate tube or via a furnace that sur-
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rounds the substrate tube. A common feature of the
aforesaid techniques is the fact that the reaction zone is
reciprocated with respect to the substrate tube.

[0007] According to a Plasma Chemical Vapor Depo-
sition (PCVD) process the quartz substrate tube is placed
in a resonant cavity along its cylindrical axis, and a mix-
ture of raw material gases containing for example, O,,
SiCl,, and one or more dopants, e.g. GeCl,, C2F6 is
passed into the tube; a local plasma is simultaneously
produced within the resonant cavity, causing the reaction
of Si, Ge, O, etc., thereby SiOx mainly doped with Ge/F
is formed by direct deposition on the inside surface in the
substrate tube, forming a core layer and one or more
cladding layers. The hollow quartz glass substrate tube
is surrounded by a furnace. During the internal deposition
step the resonant cavity moves along the cylindrical axis
of the substrate tube as to uniformly coat the whole length
of the substrate tube with glass layers. When deposition
is finished the substrate tube is collapsed into a solid core
rod, which has a SiO, core layer doped with dopants like
F, Ge and a surrounding SiO, cladding undoped or doped
with F-Ge. Such a core rod is made into an optical fiber
preform, for example by inserting into a jacket tube or by
OVD overcladding, which can be drawn into optical fiber
used as the transmission medium for communication.
[0008] High temperatures may lead to the inclusion of
the undesirable OH groups in the external surface of the
support tube. Since the support tube forms part of the
fibre yetto be drawn, itis to be expected that said included
OH groups will present problems as regards the optical
properties of the glass fibre that is eventually obtained.
The OH groups that are included on the outer side can
diffuse inwardly, that is, in the direction of the core, in the
course of the further processing steps, when tempera-
tures are high. It has become apparent that said OH
groups produce adverse effects in the light conducting
part of the optical fibre. After all, the OH groups exhibit
awide absorption peak at 1385 nm. As aresult, additional
signal loss occurs in the optical glass fibre with the trans-
mission wavelengths around 1300 nm and 1500 nm that
are currently being used. Moreover, said absorption peak
at 1385 nm limits the use of the fibre over a large wave-
length range that recent developments require. Thus it
is desirable that the effect of the inwardly diffusing OH
groups is minimized, thus minimizing the signal loss at
the standard transmission wavelengths, which makes
the fibre very suitable from a commercial point of view.
[0009] A method for making a preform which is sub-
stantially free of OH impurities is known from US Patent
No. 5,397,372.

[0010] US 2005/0000253 relates to a method for man-
ufacturing low water peak single mode optical fibers by
PCVD technology, wherein the attenuation of the single
mode optical fiber produced thereby at 1383 nm being
lower than the specified value at 1310 nm. Said US patent
application focusses on the content of impurities in the
gas mixture, the hydroxyl content of the jacket tube and
the relative humidity of the environment during the dep-
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osition process.

[0011] US patent No. 7,519,256 relates to a method
for manufacturing an optical preform wherein the velocity
of the reaction zone for the deposition of the inner clad-
ding is set so that the acceleration of the reaction zone
near the point of reversal at the supply side for depositing
the inner cladding is higher than the acceleration of the
reaction zone near the point of reversal at the supply side
for depositing the outer cladding.

[0012] US patent No. 4,741,747 relates to a method
of manufacturing optical fibres, wherein the so-called end
taper is reduced by moving the plasma nonlinearly as a
function of time in the region of the reversal point and/or
by varying the intensity of the plasma along the length
the glass tube.

[0013] US patent No. 4,857,091 relates to a method
of manufacturing optical fibres, in which a number of pa-
rameters are mentioned that influence the axial position
of the local deposition zone with respect to the plasma
generator, which parameters include:

(i) periodically varying the microwave power,

(i) periodically varying the pressure in the substrate
tube, and

(iii) periodically varying the stroke velocity of the res-
onator being reciprocated over the tube.

[0014] European patent application No. 0 038 982 re-
lates to a method of manufacturing optical fibres wherein
the plasma generator is moved along the substrate tube,
which plasma generator produces a hot zone such that
the hot zone can be considered as a so-called "tandem
hot zone" which includes at least two zones, viz. zone |
and zone Il. Although it is mentioned in said document
that deposition rates or deposition compositions can be
changed so as to prevent the occurrence of so-called
taper ends, it is not indicated in said document what spe-
cific operations such a treatment involves.

[0015] European patent application No. 0 333 580 re-
lates to a device for manufacturing preforms for optical
fibres in which a variable power microwave generator is
used, in which no use is made of a non-isothermal plasma
which is reciprocated between two reversal points along
the substrate tube, however.

[0016] From British patent publication GB 2 118 165
there is known a method of manufacturing an optical fibre
in which the velocity of the heat source being moved ax-
ially along the substrate tube is in accordance with a spe-
cific mathematical equation, wherein the velocity of said
heat source along the tube is a function of the position
of said heat source along the substrate tube, so that the
total deposition thickness of the glass layers is substan-
tially constant over the length of the tube.

[0017] From US patent number 5,188,648 to the
present applicants there is known a method of manufac-
turing optical fibres wherein the movement of the plasma
is interrupted each time the plasma reaches the reversal
point near the gas entry point of the substrate tube, whilst
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the glass deposition continues, wherein the period during
which the plasma movement is interrupted is at least 0.1
second.

[0018] The object of the present invention is thus to
provide a method of manufacturing a preform from which
an optical fibre can be drawn, which preform exhibits little
geometric and optical taper.

[0019] Another aspect of the present invention is to
provide a preform from which an optical fibre can be
drawn, which preform exhibits optical properties which
are constant over the greatest possible length.

[0020] Another aspect of the present invention is to
provide a preform from which an optical fibre can be
drawn, which optical fibre shows a reduced attenuation
at a wavelength of 1383 nm.

[0021] The present invention as referred to in the pre-
amble is characterized in that during the inside depo-
sition process the velocity of the reaction zone is set so
that the velocity of the reaction zone over the length sup-
ply side - discharge side is higher than the velocity of the
reaction zone over the length discharge side - supply
side.

[0022] One or more of the above objects are accom-
plished by using such a feature. The present inventors
have thus found that the attenuation at a wavelength of
1385 nm in silica fibres can be reduced by using different
sledge-velocity from gas- or supply-side to discharge or
pump-side and pump-side to gas-side. The reaction zone
is preferably a plasma and the resonator generating mi-
crowaves is movable over the length of the hollow quartz
glass substrate tube.

[0023] The attenuation in silica fibres is generally a
consequence of a combination of Rayleigh scattering,
absorption and bending. The absorption is usually
caused by a contaminant in the glass, in which water,
especially OH-group, is usually the most dominant ab-
sorber in silica fibres. The inclusion of the OH-group in
the glass layer causes a peak in the optical spectrum
around a wavelength of 1250 nm and 1385 nm. The
present inventors found that by using different sledge
velocities a significant difference in OH attenuation can
be attained. The present deposition method is preferably
of the PCVD type. The PCVD method results in the direct
formation of glass inside the quartz substrate tube where-
as other processes result in the formation of soot, which
material is to be vitrified in another step.

[0024] The presentinventors realized thatthe negative
effect of the so called OH peak on the attenuation can
also be reduced by the incorporation dopants in the glass
layers to be deposited, e.g. fluor. A drawback of incor-
porating fluor in the glass layers is the lowering of the
refractive index value, which lowering is to be compen-
sated by the incorporation of other types of dopants, e.g.
germanium. A consequence of the incorporation of ger-
manium in the glass layers is the Rayleigh scattering.
[0025] Therefore, the presentinvention does notfocus
oninfluencing the composition of the dopants in the glass
forming gases entering the hollow quartz glass substrate
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tube for solving the attenuation problem of optical glass
fibers, but the present invention is related to the use of
different sledge-velocities over the length supply side -
discharge side and over the length discharge side - sup-
ply side during the inside deposition process. The aspect
of different sledge velocities does not necessarily apply
during the complete deposition process. It is therefore
possible to start the inside deposition process with a
sledge velocity which is more or less the same for both
lengths, due to equilibrium aspects of the process con-
ditions inside the hollow substrate tube. And after a cer-
tain moment the sledge velocity is adapted according to
the present invention. At the end of or even during the
deposition process itself, if appropriate, it is possible to
amend the sledge velocities in such a way that the sledge
velocities are outside the present method.

[0026] Ina preferred embodiment of the presentinven-
tion the velocity of the reaction zone over the length dis-
charge side - supply side is at most 70%, preferably at
most 50%, more preferably at most 30% of the velocity
of the reaction zone over the length supply side -dis-
charge side.

[0027] The present inventors assume that the begin
position of the plasma is directly influenced by the direc-
tion of the movement of the reaction zone travelling along
the length of the substrate tube. The present inventors
assume that there is a longer plasma tail at the gas-side
when moving the reaction zone from gas-side to pump-
side. This phenomenon is caused by the fact that the
plasma is already ionised in the gas-side region. In a
situation in which the reaction zone moves further to-
wards the pump-side, the gas-side plasma tail is easily
sustained by the microwaves. On the other hand, when
the reaction zone moves towards to the gas-side, the
gas-side tail is short, in which the gas-side plasma front
is pulled back close to, or even inside, the reaction zone.
The presentinventors assume that such a longer plasma
tail at the gas side will have an influence on the intensity
of the position where the deposition of the glass layer
inside the substrate tube starts. And the present inven-
tors assume that the intensity of the plasma front has a
direct influence on the incorporation of the (O)H mole-
cules in the quartz substrate tube. And such an incorpo-
ration of the (O)H molecules in the quartz substrate tube
should be kept to a minimum.

[0028] In addition to the aforementioned proposed
mechanism, the present inventors assume that the
pump-side plasma tail, which contains a relatively high
amount of chlorides, will purify the inner surface of the
substrate tube. If the reaction zone moves towards the
gas-side, the thus freshly deposited glass layers are
treated. The present inventors assume that the layers
deposited when the reaction zone moves towards the
gas-side are expected to contain a lesser amount of (O)
H than the layers deposited when the reaction zone
moves towards the pump-side. Please note that the
present inventors are not bound to the two afore dis-
cussed mechanisms.
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[0029] In a preferred embodiment the velocity of the
reaction zone over the length supply side - discharge
side is within the range of 2 m/min - 40 m/min, preferably
15 m/min - 25 m/min. In case the velocity of the reaction
zone is less than 2 m/min, the deposition efficiency of
dopants tends to drop to a very low value, which is un-
desirable. The present inventors assume that a low ve-
locity of the reaction zone the temperature inside the hol-
low substrate tube will be too high, resulting in a negative
effect on the deposition efficiency of dopants. If the ve-
locity of the reaction zone is above the aforementioned
upper limit, several problems with the deposition appa-
ratus will probably occur, especially in the area at the
reversal points. The velocity of the reaction zone at each
of the reversal points is zero which means that velocity
should be reduced from a value of above 40 m/min to
zero over a short distance. This will probably result in
mechanical problems of the deposition apparatus.
[0030] In order to obtain a high deposition efficiency
the present inventors found that the power output of the
reaction zone is preferably constant over the length sup-
ply side - discharge side and the length discharge side -
supply side.

[0031] In order to keep the deposition efficiency of do-
pants, especially GeCly, at an acceptable level it is pre-
ferred that the velocity of the reaction zone is above 2
m/min, preferably above 15 m/min.

[0032] Duringanembodimentaccordingto the present
inside deposition process the outer cladding is deposited
first and then an inner cladding is deposited, in which
embodiment it is preferred that during the inside deposi-
tion process the velocity of the reaction zone over the
length discharge side - supply side is changed as function
of the deposition time, in which the initial velocity is higher
than the final velocity. This means that the overall thick-
ness of the glass layers thus deposited will increase dur-
ing the deposition process resulting in a reduction of the
velocity of the reaction zone over the length discharge
side - supply side.

[0033] The present method for manufacturing an opti-
cal fibre preform via an internal vapour deposition proc-
ess is preferably of the plasma chemical vapour deposi-
tion (PCVD) type, in which process the reaction zone is
a plasma, e.g. a resonator.

[0034] In the present description the velocity of the re-
action zone is set so that the velocity of the reaction zone
over the length supply side - discharge side is higher than
the velocity of the reaction zone over the length discharge
side - supply side. In that context one must realise that
the velocity near the both points of reversal, i.e. the supply
side point of reversal and the discharge side point of re-
versal, becomes zero. The term velocity as used in the
present description, especially in the claims, refers to the
average velocity over substantially the whole length of
the quartz glass substrate tube, i.e. the velocity having
a constant value or a certain slope, in which the velocity
will be reduced to zero at both points of reversal. The
velocity here means thus the velocity between the decel-
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eration/acceleration point at the supply side and the de-
celeration/acceleration point at the discharge side. And
that velocity over that specific distance can be constant
but can be decreased orincreased compared to the initial
value at the beginning of that distance. Therefore, one
can also speak about the average velocity.

[0035] Inthataspectthe presentapplication complete-
ly differs from the US patent Number 7,522,800 in the
name of the present applicant, in which US patent the
velocity profile is related to the first and second end re-
gions, i.e. a region adjacent to a reversal point at the
supply side and the discharge side, i.e. the region be-
tween the point in which the velocity is zero, i.e. the re-
versal pointitself, and the point wherein the deceleration/
acceleration of the reaction zone starts. The velocity in
these specific regions can not be interpreted as being
constant.

[0036] The present invention furthermore relates to a
method for forming an optical fibre in which an optical
preform, obtained according to the present method, is
heated at one end, from which optical preform an optical
fibre is subsequently drawn, in which the preform as man-
ufactured according to the present method is used.
[0037] The present invention will now be explained in
more detail, by means of a number of examples, in which
connection it should be noted, however, that the present
invention is by no means limited to such special exam-
ples.

Figure 1 shows a velocity profile of a sledge accord-
ing to the present invention.

Figure 2 shows the attenuation versus the fibre po-
sition according to an embodiment of the present
invention.

[0038] Using the PCVD technique a preform was pro-
duced. As shown in figure 1 the velocity profile of the
reaction zone over the length supply side - discharge
side is higher than the velocity of the reaction zone over
the length discharge side - supply side. The substrate
tube is surrounded by an oven and the reaction zone
travels over the length of substrate tube during the dep-
osition process. The power of the reaction zone, i.e. mi-
crowave power, was 7000 Watt. The pressure inside the
hollow substrate tube is appr. 14 mbar. The temperature
of the oven was set between 1070 and 960 degr Celcius.
The composition of the gaseous components flowing in
the hollow susbtrate tube is about 2/3 parts oxygen, 4/6
parts SiCl, and between 0 and 1/6 parts GeCl,. The dep-
osition process took about 620 minutes. Infact, according
to the embodiment disclosed in figure 1, the velocity of
the reaction zone from gas-side to pump-side is set at a
constant value of 20 m/min, whereas the velocity of the
reaction zone over the length pump-side - gas-side is set
at a velocity of 10 m/min, i.e. a reduction of 50%. Figure
1 clearly discloses the reversal points near the supply
side (at the left hand side of the figure) and the discharge
side (at the right hand side of the figure) in which the
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constant velocity will be reduced to zero at each reversal
point. The point where the velocity drops to zero is called
the deceleration point. As can be seen in figure 1, the
deceleration point at the supply side is located at a po-
sition between 0 (reversal point) and about 200 mm, the
deceleration point at the discharge side is located at a
position between 1200 and 1400 mm. The term "velocity"
as used in the present description refers to the velocity
between these two deceleration points, i.e. the region
where the velocity of the resonator is constant over a
certain length of the substrate tube. In the embodiment
according to figure 1 the velocity of the reaction zone was
kept constant over both lengths during the complete dep-
osition process. However, in a special embodiment it is
possible to initially start the inner deposition process with
the same velocity profile for both lengths and to adapt
after a certain deposition time the velocity of the reaction
zone by reducing the velocity over the length discharge
side - supply side compared to the velocity over the length
supply side - discharge side.

[0039] Infigure 2 the preform manufactured according
to the velocity profile of figure 1 has been drawn into an
optical fibre. The curves shown in figure 2 clearly dem-
onstrate that the 1383 nm attenuation of the multimode
fibres in which the velocity of the reaction zone is lower
towards gas-side is substantially lower than the reference
optical fibre. The reference optical fibre has been man-
ufactured according to the prior art method in which the
velocity of the reaction zone in both directions, i.e. from
supply-side to pump-side and from pump-side to supply-
side, is the same over the whole deposition process. In
addition, figure 2 clearly demonstrates that the attenua-
tion at a wavelength of 1383 nm of multimode fibres man-
ufactured according to an inside deposition process of
the PCVD type, in which the velocity of the reaction zone
is lower towards the gas-side compared to the velocity
towards the pump side, is lower than fibres manufactured
with a lower velocity of the reaction zone towards to
pump-side. The beneficial aspect of the presentinvention
is that optical fibres having a reduced attenuation of about
10% to 20% can be obtained.

Claims

1. A method for manufacturing an optical preform via
an internal vapour deposition process, wherein use
is made of a reaction zone and a quartz glass sub-
strate tube having a supply side and a discharge
side, wherein the reaction zone is movable over the
length of the substrate tube between a supply-side
point of reversal and a discharge-side point of re-
versal, wherein one or more glass-forming precur-
sors are supplied to the interior of the substrate tube
at the supply side of the substrate tube, and wherein
components that have not been deposited on the
interior of the substrate tube are discharged at the
discharge side of the substrate tube, wherein such
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conditions are created in the interior of the substrate
tube that deposition of glass layers on the interior of
the substrate tube takes place, characterized in
that during the inside deposition process the velocity
of the reaction zone is set so that the velocity of the
reaction zone over the length supply side - discharge
side is higher than the velocity of the reaction zone
over the length discharge side - supply side.

A method according to claim 1, characterized in
that the velocity of the reaction zone over the length
discharge side - supply side is at most 70%, prefer-
ably at most 50%, more preferably at most 30% of
the velocity of the reaction zone over the length sup-
ply side - discharge side.

A method according to any one or more of the claims
1-2, characterized in that the velocity of the reac-
tion zone over the length supply side - discharge side
is within the range of 2 m/min - 40 m/min, preferably
15 m/min - 25 m/min.

A method according to any one or more of the claims
1-3, characterized in that the power output of the
reaction zone is constant over the length supply side
- discharge side and the length discharge side - sup-
ply side.

A method according to any one or more of the claims
1-4, characterized in that during the inside depo-
sition process the velocity profile of the length dis-
charge side - supply side is changed as function of
the deposition time, in which the initial velocity is
higher than the final velocity.

A method according to any one or more of the claims
1-5, wherein the reaction zone comprises a plasma-
generating resonator.

A method for forming an optical fibre including the
step of manufacturing an optical preform according
to any one or more of the previous claims, wherein
the optical preform thus obtained is heated at one
end, and from which heated end an optical fibre is
subsequently drawn.

A method for forming an optical fiber according to
claim 7, characterized in that the attenuation of the
optical fiber thus obtained is less than 0.75 dB/km
at a wavelength of 1383 nm.
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